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formation of all three neural plate border cell types in Xenopus.
Different levels of Pax3 activity can induce neural crest (low
Pax3) or hatching gland (high Pax3) fate. However, interme-
diate levels of Zic1 activity are sufficient to induce the
expression of pre-placodal marker genes such as Six1 and
Eya1. Importantly, co-injection of Pax3 repressed Zic1-
mediated induction of Six1 and Eya1 and promoted neural
crest and hatching fates. This observation supports the view
that Zic1 and Pax3 synergize to promote neural crest formation,
as previously reported. In these experiments, the inhibitory
activity of Pax3 on pre-placodal genes may represent a
molecular mechanism by which Zic1-driven pre-placodal fate
is restricted lateral to the prospective neural crest tissue in the
developing embryo. We propose a model in which the
differential activity of Pax3 and Zic1 contributes to the
determination of multiple cell fates at the neural plate border.
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Gata3 mutant mice expire of noradrenergic deficiency by
embryonic day (e) 11 and can be rescued pharmacologically or,
as shown here, by restoring GATA-3 function in sympathoa-
drenal (SA) cells using the human DBH (hDBH) promoter to
direct GATA-3 transgene expression. In Gata3 null mutant
embryos, adrenal chromaffin cell and sympathetic neuron
differentiation are both severely compromised and are accom-
panied by increased apoptosis. Expression of Mash1, dHand
and Phox2b (postulated upstream regulators of GATA-3) as
well as terminal SA marker genes (tyrosine hydroxylase [Th]
and dopamine b-hydroxylase [Dbh]) is markedly affected in the
isolated adrenal chromaffin cells of Gata3 null mutant
embryos. Transgenic GATA-3 complementation restored
Mash1, dHand, Phox2b, TH and DBH expression as well as
SA cell survival in the adrenal chromaffin cells of Gata3 null
mutant mice. These data show that GATA-3 is essential for the
differentiation and survival of all SA lineage cells and that SA
development is controlled by mutually reinforcing interactions
between GATA-3 and other tissue-affiliated transcription
factors.
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Abnormalities of the spleen and pyloric sphincter can
occur during human development; however, their cause is
uncertain as little is known about the origins of these tissues
due to a lack of early markers.
A number of Nkx genes are expressed in the spleno-
pancreatic region of the developing mouse gut; Nkx2.5 and
Bapx1 (Nkx3.2) are two such genes. Bapx1 has a major role in
regulating epithelial–mesenchymal signalling, and null mice
exhibit abnormal gut development and loss of Nkx2.5
expression.
As Nkx2.5 is expressed in the developing spleen and pyloric
sphincter, expression within the spleno-pancreatic region was
investigated prior to formation of these organs. Expression was
found in two domains within the E10.5 Splanchnic Mesothelial
Plate (SMP), a structure essential for correct gut asymmetry
and organ development. The dorsal domain overlaps the
earliest splenic mesenchyme markers, whilst the ventral
domain marks the stomach–duodenal junction—the site of
the future pyloric sphincter. Expression is found throughout the
bilateral SMP at E9.5, overlapping Bapx1.
An ¨1.9 kb region upstream of Nkx2.5 was isolated and
shown to drive transgene (LacZ) expression in the developing
spleen and pyloric sphincter in a contiguous expression
domain. Expression is present in the gut from E8.5 and in
the SMP at E9.5–10.5. The major cardiac expression
associated with Nkx2.5 is absent, making this enhancer a
candidate for driving gut-specific genetic manipulations.
This enhancer is a good marker of mesenchymal cells in the
developing gut and is now being used in lineage tracing
experiments to shed light on the origins of the spleen and
pyloric sphincter.
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Sonic hedgehog (Shh) is required for proper left–right
(LR) patterning during embryogenesis. However, embryos
with loss of function of Gli1, -2, or -3, the primary mediators
of hedgehog signaling, have normal LR development. We
hypothesize that Zic3, a C2H2 zinc finger transcription factor
member of the Gli superfamily and an important regulator of
LR formation, interacts with Gli members to mediate Shh
signaling at the node. In vitro data indicate that Zic3 and Gli
physically interact and synergize to activate transcription. In
vivo, we have investigated Gli superfamily expression in
cilia. Node cilia play a crucial role in LR asymmetry prior to
organogenesis in developing mouse embryos. Immunohisto-
chemistry at d8 indicates that Zic3 is expressed in node cilia,
indicating a function distinct from its role as a transcription
factor. This ciliary Zic3 expression is also identified at d12.5
in the choroid plexus and fourth ventricle. Further immuno-
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